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© Process for the disposal of carbon dioxide. 

© A process for the disposal of carbon dioxide in 
deep sea, which comprises compressing (2) and 
dehumidifying (4) gaseous carbon dioxide to be dis- 
posed of, passing the so compressed carbon dioxide 
gas through a cold sea water region where a tem- 
perature condition enough to liquefy the compressed 
carbon dioxide gas by means of a pipe line (5) to 
effect cooling of the gas by heat exchange with the 



cold sea water (11) to thereby liquefy the com- 
pressed carbon dioxide gas, conducting the liquefied 
carbon dioxide through an extension of the pipe line 
to such a depth of sea water, that the specific weight 
of the liquefied carbon dioxide at such depth is 
greater than that of the ambient sea water, and then 
discharging the liquefied carbon dioxide (9) into the 
deep sea. 



F I G. 2 



CO 
CP 
CO 

CO 
CD 




Rank Xerox (UK) Business Services 



DOCID: <EP 0463663A1 J_> 



EP 0 463 663 A1 



FIELD OF THE INVENTION AND RELATED ART 
STATEMENT 

The present invention relates to a process for 
the disposal of carbon dioxide, in particular, in 
deep sea by liquefying gaseous carbon dioxide to 
be disposed of, contrived under a contemplation of 
contributing to the prevention of global environmen- 
tal disorder, such as, climatic warming-up etc., due 
to increase in the carbon dioxide content in the 
atmosphere. 

The content of carbon dioxide in the atmo- 
sphere has been increasing more and more due to 
the huge rate of free discharge of combustion gas 
into the atmosphere from various exhaust sources 
from combustion of fossile fuels, such as, petro- 
leum and coal, in power plants, automobiles and 
factory firing units in the general industry, such as 
boiler plants etc. Thus, the problem of global cli- 
matic warming-up due to the so-called greenhouse 
effect resulting from increase in the carbon dioxide 
content in the atmosphere has been brought to the 
forefront in recent years. 

Means have been proposed for preventing 
such increase in the content of carbon dioxide in 
the atmosphere by having recourse to a practical 
manner of disposal of carbon dioxide without dis- 
charging it into the atmosphere or to another way 
of disposal of carbon dioxide under recovery there- 
of from the atmosphere, such as follows: 

a) Disposal of carbon dioxide is effected in open 
sea by dissolving it in sea water, wherein the 
C02-containing sea water has a specific weight 
greater than that of the ambient sea water hav- 
ing no content of CO2, so that the sea water 
containing carbon dioxide will submerge to the 
sea bottom. 

b) Disposal of carbon dioxide has recourse to 
the phenomenon that liquefied carbon dioxide 
has, under the condition of temperature and 
pressure prevailing in a deep sea of a depth of 
about 3,000 meters or more, a specific weight 
greater than that of the ambient sea water. Thus, 
gaseous carbon dioxide to be disposed of is 
liquefied in a compression station and the result- 
ing liquid carbon dioxide is conducted to a 
depth of 3,000 m or more of deep sea to dis- 
charge it out into such deep sea. 

However, the method a) above accompanies a 
fear that the sea water containing carbon dioxide 
may be subject to diffusion over a wide extent of 
sea water by the natural sea flow and may affect 
the ecological system of marine organisms. 

The method b) above has a disadvantage that 
a liquefying apparatus and power therefor are re- 
quired for the liquefaction of gaseous carbon diox- 
ide, beside the necessity of additional power and 
installations for transporting and heat-insulating the 



liquefied carbon dioxide. 

OBJECT AND SUMMARY OF THE INVENTION 

5 In view of the stand of the technique explained 

above, the present invention has been achieved 
with the object of providing a means for realizing 
an economical and safe disposal of gaseous car- 
bon dioxide originated from combustion gas from 

10 various exhaust sources or recovered from the 
atmosphere without suffering from any fear of diffu- 
sion of carbon dioxide over a wide extent of open 
sea. 

Thus, there is provided according to the 

15 present invention a process for the disposal of 
carbon dioxide in deep sea, which comprises com- 
pressing and dehumidifying gaseous carbon diox- 
ide to be disposed of, passing the so compressed 
carbon dioxide gas through a cold sea water region 

20 where a temperature condition enough to liquefy 
the compressed carbon dioxide gas prevails via a 
pipe line to effect cooling of the gas by heat 
exchange with the cold sea water to thereby liquefy 
the compressed carbon dioxide gas, conducting 

25 the liquefied carbon dioxide through an extension 
of the pipe line to such a depth of sea water, that 
the specific weight of the liquefied carbon dioxide 
at such depth is higher than that of the ambient 
sea water of such depth, and then discharging out 

30 the liquefied carbon dioxide into such deep sea. 

Gaseous carbon dioxide liquefies under the 
condition of temperature and pressure correspond- 
ing to the liquid/gas equilibrium curve as shown in 
the diagram of Fig. 1. By the present invention 

35 therefore, it is contemplated to realize such a con- 
dition for liquefying gaseous carbon dioxide by 
making use of cold sea water to cool the gaseous 
carbon dioxide by flowing it in a pipe line through a 
cold sea water region under compression of the 

40 carbon dioxide gas up to a pressure enough to 
liquefy it at the temperature of such cold water. 
The gaseous carbon dioxide conducted through the 
cold sea water region in the pipe line is cooled by 
heat exchange with the ambient cold sea water 

45 through the pipe wall and begins to liquefy. 

According to the present invention, the flow of 
compressed carbon dioxide is dehumidified, in or- 
der to avoid possible formation of crystalline car- 
bon dioxide hydrate under such a condition of 

50 temperature and pressure, which may cause clog- 
ging of the pipe line, and in order to prevent attack 
of the inside surfaces of the pipe line by carbonic 
acid formed from carbon dioxide and water, neme- 
ly, dew or mist condenced from the moisture. 

55 The pipe line for conducting the carbon dioxide 

to be disposed of is laid down on and along the 
sea bottom up to an extension reaching to such a 
depth that the specific weight of the liquefied cor- 



2 



3 



EP 0 463 663 A1 



4 



bon dioxide filled in the pipe line at this depth will 
be greater than that of sea water at this depth due 
to compression by the increased pressure head by 
the own weight of the liquid carbon dioxide. There- 
fore, the discharge outlet of the pipe line may be 
located, in general, at a depth of about 3,200 
meters or more from the sea level. 

According to the present invention, therefore, 
gaseous carbon dioxide to be disposed of is guid- 
ed in a pipe line with compression through a cold 
sea water region so as to effect cooling thereof by 
the cold sea water by heat exchange therewith, 
wherein the gas is liquefied at a relatively shallow 
depth in the sea and the so liquefied carbon diox- 
ide is then further guided to such a depth of the 
sea that the specific weight of the so pressurized 
liquid carbon dioxide is greater than that of the 
ambient sea water of such depth, while the liquid 
carbon dioxide is subjected to a spontaneous pres- 
sure increase due to the increase in the pressure 
head by the own weight of the liquid carbon diox- 
ide. The pressurized liquid carbon dioxide is dis- 
charged out into the deep sea from the outlet of 
the pipe line. Due to the greater specific weight of 
the liquid carbon dioxide discharged out of the pipe 
line than that of the ambient sea water, it sub- 
merges to the bottom of the sea. 

By the process according to the present inven- 
tion, a safe and economical disposal of gaseous 
carbon dioxide originated from various combustion 
gas exhaust sources in a deep sea of a depth of 
about 3,200 meters or more can be realized with- 
out relying upon employment of an apparatus for 
liquefying the gaseous carbon dioxide with cor- 
responding large power consumption in a special 
compression station installed on the land. 

The process according to the present invention 
can afford to realize continuous and large scale 
disposal of gaseous carbon dioxide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a pressure-temperature diagram for 
the liquid/gas equilibrium curve. 

Fig. 2 is a schematic illustration of laying down 
of the pipe line along the sea bottom for realizing 
the process according to the present invention. 

Fig. 3 shows an exemplary geographic profile 
of the sea bottom. 

Fig. 4 shows the course of change of sea water 
temperature along the sea bottom in a simplified 
mode. 

Fig. 5 shows a course of change of tempera- 
ture of the flow of carbon dioxide in the pipe line 
along it according to an embodiment of the present 
invention. 

Fig. 6 shows a course of change of pressure of 
the flow of carbon dioxide along the pipe line 



according to an embodiment of the present inven- 
tion. 

\ 

DETAILED DESCRIPTION OF PREFERRED EM- 
5 BODIMENTS 

Below, the process according to the present 
invention will be described by way of an embodi- 
ment with reference to the appended Figs. 2, 3, 4, 

io 5 and 6. 

Refering now to Fig. 2, a flow of 245 tons per 
hour of gaseous carbon dioxide 1 to be disposed of 
is compressed in a compressor 2 up to a pressure 
of 50 ata. The compressed flow of gaseous carbon 

15 dioxide is cooled by a cooler 3 to a temperature of 
40 C, whereupon it is dehumidified through a 
dehumidification unit 4 before being conducted to a 
pipe line 5. The pipe line 5 has an inner diameter 
of 16 inches and is laid down along the sea bottom 

20 up to a location of a depth of 3,200 meters from 
the sea level with a total extension of 200 km. 

The geographic profile of the sea bottom 10 on 
which the pipe line is laid down descends gradually 
from the sea coast to a depth of 200 m over an 

25 extension of 50 km offfshore. The flow of carbon 
dioxide in the pipe line has been cooled enough at 
this location to begin to liquefy. From this 50 km 
offshore position, the sea bottom descends further 
to a depth of 3,200 m over a further extension of 

30 up to 200 km offshore. The interval 7 of this 
descent is served for guiding the liquefied carbon 
dioxide. The temperature profile along the sea bot- 
tom in this interval is as shown in Fig. 4, wherein 
the sea bettom temperature in the interval starting 

35 from the sea coast to the 50 km offshore portion 
over which the sea bottom depth changes from 
zero to 200 m and in which the pipe line laid down 
is served for cooling and liquefying the flow of 
carbon dioxide is 6*C. The temperature in the 

40 interval starting from the 50 km offshore portion to 
the 200 km offshore portion in which the pipe line 
laid down is served for guiding the liquefied carbon 
dioxide and in which the depth of the sea bottom 
changes from 200 m to 3,200 m is 4 * C (though a 

45 successive variation in the temperature of the sea 
water exists in practice, the temperature profile is 
represented for the sake of simplicity by the above 
two temperature stages). 

The pipe line 5 is laid down on and along the 

so sea bottom 10 without being embedded in the 
earth layer of the sea bottom so as to facilitate 
cooling of the flow of carbon dioxide in the pipe 
line 5 by heat exchange with the ambient sea 
water. 

55 In the course of flow of carbon dioxide inside 

the pipe line 5, it is cooled by the ambient sea 
water 1 1 under heat exchange therewith to reach a 
temperature permitting liquefaction of gaseous car- 
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bon dioxide under the existing pressure and it 
begins to liquefy. During the course of liquefaction 
of the flow of carbon dioxide, the tow of carbon 
dioxide is maintained at nearly a constant tempera- 
ture. 5 

The flow of carbon dioxide 8 which has been 
liquefied completely is then progressively cooled 
by the ambient sea water until it reaches the same 
temperature as the ambient sea water. The profile 
of variation of the temperature of the flow of carbon 10 
dioxide inside the pipe line 5 is shown in Fig. 5. 

The course of change of the pressure of car- 
bon dioxide flowing inside the pipe line 5 is as 
shown in Fig. 6. Starting from the inlet pressure of 
50 ata at the inlet of the pipe line 5, it increases 75 
during the course of liquefaction and during the 
passage through the deep sea in the pipe line 5, 
due to the increase in the pressure head by the _ 
own weight of the liquid carbon dioxide and will 
surpass the pressure of the sea water at a position 20 
where the depth is about 3,200 m. 

Under the condition of pressure and tempera- 
ture at the depth of 3,200 m, the specific weight of 
the so pressurized liquid carbon dioxide becomes 
greater than that of the sea water at such depth. 25 
The liquid carbon dioxide discharged out of the 
outlet of the pipe line 5 will thus submerge to the 
bottom 10 of the sea as shown by numeral 9. 

Claims 30 

1. A process for the disposal of carbon dioxide in 
deep sea, comprising compressing and de- 
humidifying the gaseous carbon dioxide to be 
disposed of, passing the so compressed car- 35 
bon dioxide gas through a cold sea water 
region where a temperature condition enough 

to liquefy the compressed carbon dioxide gas 
prevails via a pipe line to effect cooling of the 
gas by heat exchange with the cold sea water 40 
to thereby liquefy the compressed carbon 
dioxide gas, conducting the liquefied carbon 
dioxide through an extension of the pipe line to 
such a depth of sea water, that the specific 
weight of the liquefied carbon dioxide at such 45 
depth is greater than that of the ambient sea 
water of such depth, and then discharging out 
the liquefied carbon dioxide into such deep 
sea. 

50 

2. A process as claimed in Claim 1, wherein the 
gaseous carbon dioxide is compressed at the 
inlet of the pipe line up to about 50 ata. 

3. A process as claimed in Claim 1, wherein the 55 
liquefied carbondioxide is conducted to a 
depth of about 3,000 m or more from the sea 
level. 
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